Searching PAJ 



Page 1 of 2 



PATENT ABSTRACTS OF JAPAN 



(1 1 publication number : 2002-230735 
(43)Date of publication of application : 16.08.2002 



(51)Int.CI. 


G11B 5/66 




G11B 5/667 




G11B 5/738 




H01F 10/16 



(21) Application number : 2001-029272 

(22) Date of filing: 06.02.2001 



(71) Applicant 

(72) Inventor : 



HITACHI LTD 

HONDA YUKIO 
TANAHASHI KIWAMU 
SHIMIZU NOBORU 
KIKUKAWA ATSUSHI 
FUTAMOTO MASAAKI 



(54) PERPENDICULAR MAGNETIC RECORDING MEDIUM AND MAGNETIC STORAGE DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a perpendicular magnetic recording 
medium and a magnetic storage device having excellent low noise 
characteristics and stability of recording magnetization and suitable for 
super high density magnetic recording. 

SOLUTION: In the perpendicular magnetic recording medium, a 
perpendicular magnetic film 18 is used, provided with a super thin CoCrPt 
alloy magnetic layer 1 6 having low Cr concentration and high Pt 
concentration as any one of a lower or an upper layer of a CoCr alloy 
perpendicular magnetic film 1 5 having high Cr concentration or the 
magnetic layers 1 6 as both of the lower and the upper layers of the 
magnetic film 15, and a polycrystalline thin film consisting of a non- 
cylindrical structure or an amorphous material is used as a backing 
magnetic layer whose magnetic domain structure is controlled by a 
magnetic domain fixing layer 12. 
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* NOTICES * 

Japan Patent Off ic is not responsible for any 
damages caused by the use of this translation* 

1 This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The aforementioned perpendicular magnetic anisotropy films are vertical-magnetic-recording media by which 
either or vertical both the layers of the lower layer or the upper layer are characterized by being the CoCrPt alloy 
magnetic film of the composition as which the range of 8-15at%Cr of lOnm or less of thickness and 15-25at%Pt was 
chosen including the two-layer magnetic film from which composition differs in the vertical-magnetic-recording 
medium which prepared perpendicular magnetic anisotropy films through the lining soft-magnetism layer on the 
substrate at least. 

[Claim 2] It is the vertical-magnetic-recording medium characterized by the aforementioned perpendicular magnetic 
anisotropy films having Ru layer, CoRu alloy layer, or CoCrRu alloy layer of the range of 0.5- lnm thickness between 
the aforementioned CoCrPt alloy magnetic film and other magnetic films in a vertical-magnetic-recording medium 
according to claim 1. 

[Claim 3] The vertical-magnetic-recording medium characterized by having an antiferromagnetism layer in a vertical- 
magnetic-recording medium according to claim 1 or 2 in the lower part which separated the interval of 10-100nm from 
the lowest side of the aforementioned perpendicular magnetic anisotropy films, and having a soft-magnetism layer 
between the aforementioned antiferromagnetism layer and the aforementioned perpendicular magnetic anisotropy films. 
[Claim 4] Magnetic storage characterized by using a vertical-magnetic-recording medium according to claim 1 or 2 as 
the aforementioned magnetic-recording medium in magnetic storage equipped with a magnetic-recording medium, the 
ring-type or single magnetic pole type head for magnetic recording, and a magnetoresistance-effect type, a spin bulb 
type or the magnetic tunnel type head for signal regeneration. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] The reproduction noise of this invention is small and it is related with 
overly suitable vertical-magnetic-recording medium and magnetic storage excellent in the stability of record 
magnetization for high-density magnetic recording. 
[0002] 

[Description of the Prior Art] In order to improve track recording density in the magnetic-recording method within a 
field used practical now, it is necessary to make small the residual magnetization (Br) of a magnetic film and the 
product (Br-t) of magnetic thickness (t) which are a record medium, in order to decrease the influence of an anti- 
magnetic field at the time of record, and to increase coercive force. Moreover, in order to decrease the medium noise 
generated from magnetization changes, while carrying out orientation of the easy axis of a magnetic film in parallel with 
a substrate side, the diameter of crystal grain needs to be controlled. 

[0003] As a magnetic film for the magnetic recording within a field, Co is made into a principal component and Co 
alloy thin film which added Cr, Ta, Pt, Rh, Pd, Ti, nickel, Nb, Hf, etc. to this is used. The material of roppo dense 
grillage construction (henceforth hep structure) is mainly used for Co alloy which constitutes a magnetic thin film. The c 
axis of this crystal has an easy axis in the <00.1> direction, and carries out orientation of this easy axis to field inboard. 
In order to control the crystal stacking tendency and particle size of a magnetic thin film, the ground layer for structure 
control is formed between a substrate and a magnetic film. As a ground layer, Cr is made into a principal component 
and the material which added Ti, Mo, V, W, Pt, Pd, etc. to this is used. A magnetic thin film is formed by the vacuum 
deposition method or the sputtering method. As described above, in order to make a medium noise small in the magnetic 
recording within a field and to improve track recording density, it is required to make small the residual magnetization 
(Br) of a magnetic film and the product of magnetic thickness (t), to make thickness of a magnetic film thin to 20nm or 
less for this reason, and to make the diameter of crystal grain detailed to 10-15nm. However, by the medium which 
turned such magnetic crystal grain minutely, there is a very serious problem that record magnetization decreases by heat 
fluctuation, and it has been the obstacle of high-density record. 

[0004] The anti-magnetic field in the boundary of a record bit becomes small, on the other hand, vertical magnetic 
recording is a magnetic-recording method which forms a magnetic domain so that an adjacent record bit may become 
anti-parallel mutually at right angles to record intermediation dignity, and it is [ there is an advantage to which 
magnetization is easy to be kept stable as high-density record, and ] one of the leading meanses of high-density 
magnetic recording. In a vertical magnetic recording, magnetic thickness can be thickened compared with the magnetic 
recording within a field, and there is an advantage which can hold stably record magnetization in a high recording 
density field especially. In order to improve track recording density by the vertical magnetic recording, it is required to 
decrease the medium noise generated from the magnetic domain of the unordered structure formed in the interior of a 
record bit and a magnetization transition region, for this reason — being alike — while carrying out orientation of the 
easy axis of a magnetic film at right angles to a substrate side, it is required to make orientation distribution of an easy 
axis small and to control the diameter of crystal grain 

[0005] There are a monolayer vertical-magnetic-recording medium which formed perpendicular magnetic anisotropy 
films through the structure control layer on the substrate, and a two-layer vertical-magnetic-recording medium which 
formed the soft-magnetism film on the substrate and formed perpendicular magnetic anisotropy films through the 
structure control layer on this as vertical-magnetic-recording medium. In the case of the former, the main factor of a 
medium noise is the magnetic domain of the unordered structure formed in the interior of a record bit, and a 
magnetization transition region. On the other hand, in the case of the latter two-layer vertical-magnetic-recording 
medium, in addition to the magnetic domain of the unordered structure formed in the interior of a record bit, and a 
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magnetization transition region, a medium noise is generated also by disorder of the magnetic-domain structure of a 
soft-magnetism film prepared in the lower layer of perpendicular magnetic anisotropy films. 

[0006] Many meanses to improve the stability of the noise reduction and the record magnetization in a vertical magnetic 
recording are proposed. For example Digest of the Fourth Perpendicular Magnetic As described by Recording 
Conference f 97 and Digest of the Fifth Perpendicular Magnetic Recording Conference 2000 Improvement in the crystal 
stacking tendency of the CoCr alloy magnetic film by introduction of the two-layer ground layer which consists of a 
CoCr alloy / Ti, The method of improving the square shape ratio of perpendicular magnetic anisotropy films is proposed 
by covering a Co/Pt (or Pd) multilayer magnetic film on an CoCrPt-O granular mold magnetic film, a Co/Pt (or Pd) 
multilayer magnetic film, a Te-Fe-Co amorphous magnetic film, or a CoCr alloy magnetic film. However, 
conventionally [ these ], by the medium, although improved [ tend ], especially by one side, the ****** medium noise 
of stability of the magnetization by the angle-of-elevation type ratio improves in a changes nature noise, and it has been 
the obstacle of high-density record. 

[0007] Moreover, the noise generated from the magnetic domain formed in the soft-magnetism layer formed in the 
lower layer of perpendicular magnetic anisotropy films is also an important technical problem. As a method which 
controls the magnetic-domain structure of a soft-magnetism film, the method of forming the magnetization film within a 
direct side in contact with the lower layer of a soft-magnetism film is proposed like JP,1 1-191 21 7, A "the manufacture 
method of a vertical-magnetic-recording medium." Although the effect that disorder of the magnetic-domain structure 
of the soft-magnetism film by the external magnetic field can fall to some extent is accepted according to this method, 
there is a problem acting as [ the noise which disorder of the magnetic-domain structure of the magnetization film 
within a field was imprinted by the soft-magnetism film on this, consequently generated from a soft-magnetism film in 
the regenerative signal of perpendicular magnetic anisotropy films is contained, and ] the obstacle of high-density record 
by forming the magnetization film within a direct side in contact with the lower layer of a soft-magnetism film. 
[0008] As perpendicular magnetic anisotropy films, Co is made into a principal component and Co alloy thin film which 
added Cr, Ta, Pt, Rh, Pd, Ti, nickel, Nb, Hf, B, etc. to this is used. As a Co alloy which constitutes a magnetic thin film, 
the material of hep structure is mainly used. Co alloy thin film has an easy axis in the c axis of this crystal, and the 
<00.1> direction, and carries out orientation of this easy axis perpendicularly. A magnetic thin film is formed by the 
vacuum deposition method or the sputtering method. In order to improve the track recording density and the 
reproduction output when carrying out magnetic recording, to decrease a reproduction noise and to improve a magnetic- 
recording property, while improving the perpendicular stacking tendency of the c axis of the above-mentioned Co alloy 
thin film, the diameter of crystal grain needs to be controlled and the remedy of forming the ground layer for structure 
control between a substrate and a magnetic film for this reason is performed from the former. 
[0009] 

[Problem(s) to be Solved by the Invention] In order overly to realize high-density magnetic recording by the vertical- 
magnetic-recording medium, especially the vertical-magnetic-recording medium which has a lining soft-magnetism 
layer, it is important to keep stable reduction and record magnetization of the noise contained in the regenerative signal 
other than improvement in track recording density, especially the medium noise resulting from the fine structure of a 
medium, this invention aims at canceling the fault of the conventional technology on the basis of such a problem 
recognition, having the outstanding low noise figure and the stability of record magnetization on it, and providing it 
with overly suitable vertical-magnetic-recording medium and magnetic storage for high-density magnetic recording. 
[0010] 

[Means for Solving the Problem] In the vertical-magnetic-recording medium equipped with the lining soft-magnetism 
layer, this invention persons found out the following things, as a result of considering in detail the factor which bars the 
stability of record magnetization, and the cause of a medium noise. That is, in order to fill simultaneously the stability of 
(1) record magnetization, and reduction of a medium noise, the magnetic interaction between the magnetic particles of 
the formation of an angle-of-elevation mold ratio of a vertical-magnetic-recording layer and a magnetic film should 
need to be controlled. (2) The soft-magnetism layer which contributes to a regenerative signal in a vertical-magnetic- 
recording medium should be a field with a thickness [ directly under perpendicular magnetic anisotropy films ] of 10- 
lOOnm. (3) The disclosure magnetic field distribution of a vertical-magnetic-recording medium front face when the 
magnetic-domain structure of a lining soft-magnetism layer front face carries out magnetic recording is influenced, and 
increase a medium noise. (4) The letter noise of a spike generated from a soft-magnetism film can be reduced by 
controlling the magnetic-domain structure of the soft-magnetism film of a field with a thickness [ directly under 
perpendicular magnetic anisotropy films ] of 10-100nm. 

[001 1] In this invention, the following means attains the above-mentioned purpose. 

(1) Use the perpendicular magnetic anisotropy films which consist of a two-layer magnetic layer whose composition 
differs at least. It considers as the medium composition which formed the CoCrPt alloy magnetic layer of ultra-thin high 
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Pt concentration in either of one side of the CoCr alloy perpendicular magnetic anisotropy films of the high Cr 
concentration of the role which weakens the magnetic interaction between magnetic particles and specifically promotes 
detailed-ization of magnetic-domain size, and these perpendicular magnetic anisotropy films, or both sides. CoCrxMy 
with Cr concentration high as former CoCr alloy perpendicular magnetic anisotropy films (x= 18 - 22at% — ) Weaken 
the magnetic interaction between magnetic particles using M:Pt, one or more sorts of elements chosen from Ta, B, Nb, 
and Hf, and the hep structure magnetic film which consists of y= 14 - 3at%, and detailed-ization of magnetic-domain 
size is promoted. The coercive force and the magnetic anisotropy of a magnetic film are improved using the material of 
the hep structure of the composition range of low Cr concentration (8 - 15at%) and high Pt concentration (15 - 25at%) 
as a latter CoCrPt alloy magnetic layer. The thickness of a CoCrPt alloy magnetic layer sets to lOnm or less, and may be 
2-6nm desirably. Above-mentioned CoCr alloy perpendicular magnetic anisotropy films and an above-mentioned 
CoCrPt alloy magnetic layer make a substrate side carry out orientation of the c axis of an easy axis to a perpendicular 
mostly. 

[0012] The former high Cr concentration CoCr alloy perpendicular magnetic anisotropy films are selecting Cr 
concentration in the range of 18 - 22at%, and carry out the operation which weakens the magnetic interaction between 
magnetic particles and promotes detailed-ization of magnetic-domain size. The CoCrPt alloy magnetic layer of the latter 
low Cr concentration and high Pt concentration is making Cr concentration into the range of 8 - 15at%, and making Pt 
concentration into the range of 15 - 25at%, there is an operation which improves the coercive force and the magnetic 
anisotropy of a magnetic film, and promotes the stability of magnetization, and in order to promote epitaxial growth of 
both magnetic films, it chooses the magnetic-film composition which all takes hep structure. 

[0013] (2) Prepare the layer chosen from Ru layer of the range of 0.5-lnm, a CoRuy (x= 35 - 40at%) alloy layer, and a 
CoCrxRuy (x= 20 - 25at%, and y= 25 - 20at %) alloy layer between the aforementioned CoCr alloy perpendicular 
magnetic anisotropy films and a CoCrPt alloy magnetic layer. The counter diffusion between CoCr alloy perpendicular 
magnetic anisotropy films and a CoCrPt alloy magnetic layer can be reduced by this, and it is effective in improvement 
in the magnetic anisotropy of perpendicular magnetic anisotropy films. In order that Ru layer, a CoRuy alloy layer, and 
a CoCrxRuy alloy layer may maintain epitaxial growth between CoCr alloy perpendicular magnetic anisotropy films 
and a CoCrPt alloy magnetic layer, the composition range used as hep structure is chosen, and the thickness carries out 
to the thickness which keeps the static magnetism-interaction between both magnetic films moderate, i.e., 0.5-lnm. 
[0014] (3) Arrange an antiferromagnetism layer to the field (lower part which separated 10-100nm from the lowest side 
of perpendicular magnetic anisotropy films) to which the range of 10-100nm was chosen from the lowest side of 
perpendicular magnetic anisotropy films, and control the magnetic anisotropy of this antiferromagnetism layer and the 
soft-magnetism layer prepared between perpendicular magnetic anisotropy films. Let an antiferromagnetism layer be the 
material chosen from Mn-X (X:Ir, Pt, Fe) or a Cr-Mn-Pt alloy. 

(4) Prepare a soft-magnetism layer in both sides of the antiferromagnetism layer arranged in the lower layer of 
perpendicular magnetic anisotropy films, form the flux return path of the disclosure magnetic field from a recording 
head in the case of magnetic recording, and improve record efficiency. 

[0015] (5) Prepare the nonmagnetic interlayer of l-5nm of thickness between perpendicular magnetic anisotropy films 
and a lining soft-magnetism layer. In addition to the crystal orientation of perpendicular magnetic anisotropy films and 
the diameter control of crystal grain which are formed on this, a nonmagnetic interlayer is effective in reducing the 
noise generated from a lining soft-magnetism layer by weakening the magnetic interaction between perpendicular 
magnetic anisotropy films and a lining soft-magnetism layer. As a nonmagnetic interlayer, the thin film of the shape of 
amorphous [, such as for example, a TiCr alloy, a CoCr alloy, a NiTaZr alloy, Ti, or Si, germanium C, ] can be used. 
[0016] As a lining soft-magnetism layer, which soft-magnetism layer of un-pillar-shaped polycrystal films, such as a 
Co-Zr-X (X:Ta, Nb, Mo, W, nickel) system amorphous alloy film or an Fe-aluminum-Si alloy, and a Fe-C-Y (Y:Ta, Hf, 
Zr, Nb) alloy, is used. By un-pillar-shaped polycrystal film-ization, the particle-size expansion by growth of a columnar 
grain is prevented, and reduction of the noise by detailed-izing of magnetic-domain size can be performed. In order to 
inhibit the letter noise of a spike by the formation of many magnetic domains of a lining soft-magnetism layer, the 
magnetic-domain fixed bed which consists of an antiferromagnetism layer or a magnetization film within a field through 
an ultra-thin NiFe layer or a CoFe layer in contact with the above-mentioned soft-magnetism layer is prepared, and 
single magnetic-domain-ization of the above-mentioned soft-magnetism layer is promoted. 

[0017] Magnetic storage by this invention is characterized by using the above-mentioned vertical-magnetic-recording 
medium as a vertical-magnetic-recording medium in magnetic storage equipped with a magnetic-recording medium, the 
ring-type or single magnetic pole type head for magnetic recording, and a magnetoresistance-effect type, a spin bulb 
type or the magnetic tunnel type head for signal regeneration. 
[0018] 

[Embodiments of the Invention] The example of this invention is given to below, and it explains in detail, referring to a 
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drawing. In drawing, the portion which attached the same sign shows the portion which has the same function. 
[Example 1] Drawing 1 (a), (b), and (c) are the cross sections showing an example of the basic structure of the vertical- 
magnetic-recording medium by this invention. The vertical-magnetic-recording medium shown in drawing 1 forms the 
magnetic-domain fixed bed 12, the nonmagnetic interlayer 14, the perpendicular magnetic anisotropy films 18, and the 
protective layer 17 for magnetic-domain control of the lining soft-magnetism layer 13 one by one on a substrate 1 1, and 
is constituted. Perpendicular magnetic anisotropy films 18 consist of a magnetic film A15 which consists of CoCrxMy 
alloy perpendicular magnetic anisotropy films (y= 14 - 3at% containing one or more sorts of elements chosen from 
M:Pt, and Ta, B, Nb and Hf x= 18 - 22at%) of high Cr concentration, and a magnetic film B16 which consists of a 
CoCrPt alloy magnetic layer of the composition range of low Cr concentration (8 - 15at%) and high Pt concentration (15 
- 25at%). The medium by which drawing 1 (a) formed the magnetic film B 16 in the upper layer of a magnetic film A15, 
the medium by which drawing 1 (b) formed the magnetic film B 1 6 in the lower layer of a magnetic film Al 5, and 
drawing 1 (c) show the composition of the medium which formed the magnetic film B 16 in the vertical layer of a 
magnetic film A 15. 

[0019] By adding high-concentration Cr, a magnetic film A15 weakens the magnetic interaction between magnetic 
particles, promotes detailed-ization of magnetic-domain size, and by forming low Cr concentration and the magnetic 
film B16 which carried out high concentration Pt addition in one side or both sides of this magnetic film A15, where 
detailed-ization of magnetic-domain size is maintained, it improves the magnetic anisotropy of perpendicular magnetic 
anisotropy films 18. The thickness of a magnetic film B (CoCrPt alloy magnetic layer) sets to lOnm or less, and may be 
2-6nm desirably. 

[0020] The nonmagnetic interlayer 14 is formed between perpendicular magnetic anisotropy films 18 and the lining 
soft-magnetism layer 13. In addition to the crystal orientation of perpendicular magnetic anisotropy films and the 
diameter control of crystal grain which are formed on this, the nonmagnetic interlayer 14 is effective in reducing the 
noise generated from a lining soft-magnetism layer by weakening the magnetic interaction between perpendicular 
magnetic anisotropy films and a lining soft-magnetism layer. As a nonmagnetic interlayer, the thin film of the shape of 
amorphous [, such as for example, a TiCr alloy, a CoCr alloy, a NiTaZr alloy, Ti, or Si germanium, C, ] etc. can be 
used. The nonmagnetic interlayer's 14 thickness may be l-5nm. 

[0021] The lining soft-magnetism layer 13 carries out the role of the improvement in a reproduction output by negating 
the role of the improvement in record efficiency, and the magnetic pole under perpendicular magnetic anisotropy films 
as a return path of the magnetic field generated from a recording head. When the width of recording track of a recording 
head is about 0.2 micrometers, as for the thickness of the lining soft-magnetism layer which acts as a return path for the 
improvement in record efficiency, 200-400nm is needed. In order to inhibit letter noise generating of a spike by the 
formation of many magnetic domains of the lining soft-magnetism layer 13, the magnetic-domain fixed bed 12 is 
formed, and the magnetic anisotropy of the lining soft-magnetism layer 13 is controlled in the specific direction of a 
magnetic disk (for example, radial). The magnetic-domain fixed bed 12 covers and constitutes antiferromagnetism 
films, such as a CrMnPr alloy, a MnPt alloy, a FeMn alloy, and an IrMn alloy, or a NiFe alloy film thin on the front face 
of this antiferromagnetism film and a CoFe alloy film. Moreover, the magnetic-domain fixed bed 12 can be constituted 
combining the CoCr alloy film which carried out orientation within a field or the CoCr alloy film which carried out 
orientation within a field, and the aforementioned antiferromagnetism film. 

[0022] D rawin g 2 (a), (b), and (c) are the cross sections showing other examples of the basic structure of the vertical- 
magnetic-recording medium by this invention. The vertical-magnetic-recording medium shown in drawi ng 2 forms the 
magnetic-domain fixed bed 12 for [ of the lining soft-magnetism layer 13 ] carrying out magnetic-domain control, the 
nonmagnetic interlayer 14, perpendicular magnetic anisotropy films 18, and a protective layer 17 one by one on a 
substrate 1 1, and is constituted. The magnetic film A15 which perpendicular magnetic anisotropy films 18 turn into 
from the CoCrxMy alloy perpendicular magnetic anisotropy films (y= 14 - 3at% containing one or more sorts of 
elements chosen from M:Pt, and Ta, B, Nb and Hf x= 18 - 22at%) of high Cr concentration, The magnetic film B16 
which consists of a CoCrPt alloy magnetic layer of the composition range of low Cr concentration (8 - 15at%) and high 
Pt concentration (15 - 25at%) is included. Between the magnetic film A15 and the magnetic film B16, which layer of 
Ru layer, a CoRu alloy layer, and a CoCrRu layer is prepared as a buffer layer 19. The medium by which drawing 2 (a) 
formed the magnetic film Bl 6 in the upper layer of a magnetic film A15 through the buffer layer 19, the medium by 
which drawing 2 (b) formed the magnetic film B16 in the lower layer of a magnetic film A15 through the buffer layer 
19, and drawing 2 (c) show the composition of the medium which formed the magnetic film B16 in the vertical layer of 
a magnetic film A15 through the buffer layer 19. 

[0023] By adding high-concentration Cr, a magnetic film A15 weakens the magnetic interaction between magnetic 
particles, promotes detailed-ization of magnetic-domain size, and by forming low Cr concentration and the magnetic 
film B16 which carried out high concentration Pt addition in one side or both sides of this magnetic film A 15, where 
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detailed-ization of magnetic-domain size is maintained, it improves the magnetic anisotropy of perpendicular magnetic 
anisotropy films 18. The thickness of a magnetic film B16 (CoCrPt alloy magnetic layer) sets to lOnm or less, and may 
be 2-6nm desirably. A buffer layer 19 controls the counter diffusion between a magnetic film A15 and a magnetic film 
B16, and raises the magnetic anisotropy of perpendicular magnetic anisotropy films by static magnetism-combination 
between both magnetic-films films. The thickness of a buffer layer 19 may be 0.5- Inm. 

[0024] The nonmagnetic interlayer 14 is formed between perpendicular magnetic anisotropy films 18 and the lining 
soft-magnetism layer 13. In addition to the crystal orientation of perpendicular magnetic anisotropy films and the 
diameter control of crystal grain which are formed on this, the nonmagnetic interlayer 14 is effective in reducing the 
noise generated from a lining soft-magnetism layer by weakening the magnetic interaction between perpendicular 
magnetic anisotropy films and a lining soft-magnetism layer. As a nonmagnetic interlayer, the thin film of the shape of 
amorphous [, such as for example, a TiCr alloy, a CoCr alloy, a NiTaZr alloy, Ti, or Si germanium, C ] can be used. The 
nonmagnetic interlayer's 14 thickness may be l-5nm. 

[0025] The lining soft-magnetism layer 13 carries out the role of the improvement in a reproduction output by negating 
the role of the improvement in record efficiency, and the magnetic pole under perpendicular magnetic anisotropy films 
as a return path of the magnetic field generated from a recording head. In order to inhibit generating of the letter noise of 
a spike by the formation of many magnetic domains of the lining soft-magnetism layer 13, the magnetic-domain fixed 
bed 12 is formed, and the magnetic anisotropy of the lining soft-magnetism layer 13 is controlled in the specific 
direction of a magnetic disk (for example, radial). The magnetic-domain fixed bed 12 covers and constitutes 
antiferromagnetism films, such as a CrMnPr alloy, a MnPt alloy, a FeMn alloy, and an IrMn alloy, or a NiFe alloy film 
thin on the front face of this antiferromagnetism film and a CoFe alloy film. Moreover, the magnetic-domain fixed bed 
12 can be constituted combining the CoCr alloy film which carried out orientation within a field or the CoCr alloy film 
which carried out orientation within a field, and the aforementioned antiferromagnetism film. 
[0026] Drawing 3 explains one example of the magnetic storage used for evaluation of the record reproducing 
characteristics of the medium by this invention. Magnetic storage consists of the suspension 33 which supports a 
magnetic disk 31, the magnetic head 32 for record reproduction, and the magnetic head, an actuator 34, a voice coil 
motor 35, a record regenerative circuit 36, a positioning circuit 37, an interface-control circuit 38, etc. A magnetic disk 
31 consists of a vertical-magnetic-recording medium explained by drawing 1 and drawing 2 , and lubricating film is 
covered on the protective coat. The magnetic head 32 consists of heads for reproduction which consist of a slider, the 
head for magnetic recording prepared on this and the magnetoresistance-effect type for signal regeneration, a huge 
magnetoresistance-effect type, a spin bulb type element, or a magnetic tunnel type element. The gap length of the 
magnetic head for record signal regeneration sets to 0.25 micrometers or less, in order to obtain the regenerative signal 
of a high resolution, and it may be 0.08-0.15 micrometers desirably. The single magnetic pole type head was used for 
the head for magnetic recording. The width of recording track of the head for reproduction is made narrower than the 
width of recording track of the head magnetic pole for record, and reduces the reproduction noise produced from 
recording track both ends. The magnetic head 2 is supported by the suspension 3. The medium noise figure of this 
example and record reproducing-characteristics evaluation were performed using this equipment. 
[0027] The detail of the vertical-magnetic-recording medium shown in drawing 1 (a), (b), and (c) is explained below. 
By the high- vacuum DC magnetron sputtering system, medium 1 A which shows cross-section structure to drawing 1 (a) 
was produced. The washed glass substrate 1 1 was installed in the sputtering system, Ta precoat layer of 5nm of 
thickness, the 80at%nickel-Fe film of lOnm of thickness, the 80at%Mn-Ir antiferromagnetism film of 50nm of 
thickness, and the 80at%nickel-Fe film of 5nm of thickness were formed one by one, were heat-treated among 300 
degrees C and the magnetic field of IkOe, and the magnetic-domain fixed bed 12 was formed. The lining soft- 
magnetism layer 13 which consists of Co-10at%Ta-2at%Zr of the amorphous structure of 200nm of thickness was 
succeedingly formed on the aforementioned magnetic-domain fixed bed 12 in the same vacuum. The perpendicular 
magnetic anisotropy films 18 which consist of a magnetic film A15 which besides consists of the Co-22at%Cr-14at%Pt 
alloy of 15nm of thickness through the nonmagnetic interlayer 14 who consists of Ti-10at%Cr of 5nm of thickness, and 
a magnetic film B16 which consists of the Co-8at%Cr-20at%Pt alloy of 5nm of thickness were produced. The C 
protective layer 17 of 5nm of thickness was formed in the front face of perpendicular magnetic anisotropy films 18. 
[0028] By the high- vacuum DC magnetron sputtering system, medium IB which shows cross-section structure to 
drawing 1 (b) was produced. The washed glass substrate 1 1 was installed in the sputtering system, Ta precoat layer of 
5nm of thickness, the 80at%nickel-Fe film of lOnm of thickness, the 80at%Mn-Ir antiferromagnetism film of 50nm of 
thickness, and the 80at%nickel-Fe film of 5nm of thickness were formed one by one, were heat-treated among 300 
degrees C and the magnetic field of IkOe, and the magnetic-domain fixed bed 12 was formed. The lining soft- 
magnetism layer 13 which consists of Co-10at%Ta-2at%Zr of the amorphous structure of 200nm of thickness was 
succeedingly formed on the aforementioned magnetic-domain fixed bed 12 in the same vacuum. The perpendicular 
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magnetic anisotropy films 18 which consist of a magnetic film B16 which besides consists of the Co-8at%Cr-20at%Pt 
alloy of 5nm of thickness through the nonmagnetic interlayer 14 who consists of Ti-10at%Cr of 5nm of thickness, and a 
magnetic film A15 which consists of the Co-22at%Cr-14at%Pt alloy of 15nm of thickness were produced. The C 
protective layer 17 of 5nm of thickness was formed in the front face of perpendicular magnetic anisotropy films 18. 
[0029] By the high- vacuum DC magnetron sputtering system, medium 1C which shows cross-section structure to 
drawing 1 (c) was produced. The washed glass substrate 1 1 was installed in the sputtering system, Ta precoat layer of 
5nm of thickness, the 80at%nickel-Fe film of lOnm of thickness, the 80at%Mn-Ir antiferromagnetism film of 50nm of 
thickness, and the 80at%nickel-Fe film of 5nm of thickness were formed one by one, were heat-treated among 300 
degrees C and the magnetic field of IkOe, and the magnetic-domain fixed bed 12 was formed. The lining soft- 
magnetism layer 13 which consists of Co-10at%Ta-2at%Zr of the amorphous structure of 200nm of thickness was 
succeedingly formed on the aforementioned magnetic-domain fixed bed 12 in the same vacuum. The perpendicular 
magnetic anisotropy films 18 which consist of a magnetic film B16 which besides consists of the Co-8at%Cr-20at%Pt 
alloy of 5nm of thickness through the nonmagnetic interlayer 14 who consists of Ti-10at%Cr of 5nm of thickness, a 
magnetic film A15 which consists of the Co-22at%Cr-14at%Pt alloy of lOnm of thickness, and a magnetic film B16 
which consists of the Co-8at%Cr-20at%Pt alloy of 5 The C protective layer 17 of 5nm of thickness was formed in the 
front face of perpendicular magnetic anisotropy films 18. 

[0030] The detail of the vertical-magnetic-recording medium shown in drawin g 2 (a), (b), and (c) is explained below. 
By the high- vacuum DC magnetron sputtering system, medium 2A which shows cross-section structure to drawing 2 (a) 
was produced. The washed glass substrate 1 1 was installed in the sputtering system, Ta precoat layer of 5nm of 
thickness, the 80at%nickel-Fe film of lOnm of thickness, the 80at%Mn-Ir antiferromagnetism film of 50nm of 
thickness, and the 80at%nickel-Fe film of 5nm of thickness were formed one by one, were heat-treated among 300 
degrees C and the magnetic field of IkOe, and the magnetic-domain fixed bed 12 was formed. The lining soft- 
magnetism layer 13 which consists of Co-10at%Ta-2at%Zr of the amorphous structure of 200nm of thickness was 
succeedingly formed on the aforementioned magnetic-domain fixed bed 12 in the same vacuum. The perpendicular 
magnetic anisotropy films 18 which consist of a magnetic film A15 which besides consists of the Co-22at%Cr-14at%Pt 
alloy of 15nm of thickness through the nonmagnetic interlayer 14 who consists of Ti-10at%Cr of 5nm of thickness, a 
buffer layer 19 which consists of an Ru layer of 0.8nm of thickness, and a magnetic film B16 which consists of the Co- 
8at%Cr-20at%Pt alloy of 5nm of thickness were produced. The C protective layer 17 of 5nm of thickness was formed in 
the front face of perpendicular magnetic anisotropy films 18. 

[0031] By the high-vacuum DC magnetron sputtering system, medium 2B which shows cross-section structure to 
drawing 2 (b) was produced. The washed glass substrate 1 1 was installed in the sputtering system, Ta precoat layer of 
5nm of thickness, the 80at%nickel-Fe film of lOnm of thickness, the 80at%Mn-Ir antiferromagnetism film of 50nm of 
thickness, and the 80at%nickel-Fe film of 5nm of thickness were formed one by one, were heat-treated among 300 
degrees C and the magnetic field of IkOe, and the magnetic-domain fixed bed 12 was formed. The lining soft- 
magnetism layer 13 which consists of Co-10at%Ta-2at%Zr of the amorphous structure of 200nm of thickness was 
succeedingly formed on the aforementioned magnetic-domain fixed bed 12 in the same vacuum. The perpendicular 
magnetic anisotropy films 18 which consist of a magnetic film B16 which besides consists of the Co-8at%Cr-20at%Pt 
alloy of 5nm of thickness through the nonmagnetic interlayer 14 who consists of Ti-10at%Cr of 5nm of thickness, a 
buffer layer 19 which consists of an Ru layer of 0.8nm of thickness, and a magnetic film A15 which consists of the Co- 
22at%Cr-14at%Pt alloy of 15nm of thickness were produced. The C protective layer 17 of 5nm of thickness was formed 
in the front face of perpendicular magnetic anisotropy films 18. 

[0032] By the high- vacuum DC magnetron sputtering system, medium 2C which shows cross-section structure to 
drawing 2 (c) was produced. The washed glass substrate 1 1 was installed in the sputtering system, Ta precoat layer of 
5nm of thickness, the 80at%nickel-Fe film of lOnm of thickness, the 80at%Mn-Ir antiferromagnetism film of 50nm of 
thickness, and the 80at%nickel-Fe film of 5nm of thickness were formed one by one, were heat-treated among 300 
degrees C and the magnetic field of IkOe, and the magnetic-domain fixed bed 12 was formed. The lining soft- 
magnetism layer 13 which consists of Co-10at%Ta-2at%Zr of the amorphous structure of 200nm of thickness was 
succeedingly formed on the aforementioned magnetic-domain fixed bed 12 in the same vacuum. The nonmagnetic 
interlayer 14 who besides consists of Ti-10at%Cr of 5nm of thickness is minded. The magnetic film B16 which consists 
of the Co-8at%Cr-20at%Pt alloy of 5nm of thickness, The buffer layer 19 which consists of an Ru layer of 0.8nm of 
thickness, It forms in order of the magnetic film A15 which consists of the Co-22at%Cr-14at%Pt alloy of lOnm of 
thickness, the buffer layer 19 which consists of an Ru layer of 0.8nm of thickness, and the magnetic film B16 which 
consists of the Co-8at%Cr-20at%Pt alloy of 5nm of thickness. The perpendicular magnetic anisotropy films 18 
constituted were produced. The C protective layer 17 of 5nm of thickness was formed in the front face of perpendicular 
magnetic anisotropy films 18. 
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[0033] The medium Rl for comparison was produced by the high-vacuum DC magnetron sputtering system. The 
washed glass substrate 1 1 was installed in the sputtering system, Ta precoat layer of 5nm of thickness, the 80at%nickel- 
Fe film of lOnm of thickness, the 80at%Mn-Ir antiferromagnetism film of 50nm of thickness, and the 80at%nickel-Fe 
film of 5nm of thickness were formed one by one, were heat-treated among 300 degrees C and the magnetic field of 
IkOe, and the magnetic-domain fixed bed 12 was formed. The lining soft-magnetism layer 13 which consists of Co- 
10at%Ta-2at%Zr of the amorphous structure of 200nm of thickness was succeedingly formed on the aforementioned 
magnetic-domain fixed bed 12 in the same vacuum. The perpendicular magnetic anisotropy films 18 which consist of a 
magnetic film A15 which besides consists of the Co-22at%Cr-14at%Pt alloy of 20nm of thickness through the 
nonmagnetic interlayer 14 who consists of Ti-10at%Cr of 5nm of thickness were formed. The C protective layer 17 of 
5nm of thickness was formed in the front face of perpendicular magnetic anisotropy films 18. 
[0034] The medium R2 for comparison was produced by the high- vacuum DC magnetron sputtering system. The 
washed glass substrate 1 1 was installed in the sputtering system, Ta precoat layer of 5nm of thickness, the 80at%nickel- 
Fe film of lOnm of thickness, the 80at%Mn-Ir antiferromagnetism film of 50nm of thickness, and the 80at%nickel-Fe 
film of 5nm of thickness were formed one by one, were heat-treated among 300 degrees C and the magnetic field of 
IkOe, and the magnetic-domain fixed bed 12 was formed. The lining soft-magnetism layer 13 which consists of Co- 
10at%Ta-2at%Zr of the amorphous structure of 200nm of thickness was succeedingly formed on the aforementioned 
magnetic-domain fixed bed 12 in the same vacuum. The perpendicular magnetic anisotropy films 18 which consist of a 
magnetic film B16 which besides consists of the Co-8at%Cr-20at%Pt alloy of 20nm of thickness through the 
nonmagnetic interlayer 14 who consists of Ti-10at%Cr of 5nm of thickness were produced. The C protective layer 17 of 
5nm of thickness was formed in the front face of perpendicular magnetic anisotropy films 18. 
[0035] The c axis of hep structure is carrying out orientation of each perpendicular magnetic anisotropy films of the 
media 1 A, IB, 1C, and 2A produced by this example, 2B, 2C, and the media Rl and R2 for comparison to the 
perpendicular mostly in the substrate side, and growing up in epitaxial was checked by transmission-electron- 
microscope observation of an X-ray diffraction method and a thin film cross section. In this example, although an 
example of material, such as the magnetic-domain fixed bed, a nonmagnetic interlayer, perpendicular magnetic 
anisotropy films, and a buffer layer, explained the content of this invention, in addition even if it uses the combination 
of said material composition, it is possible to acquire the same effect. 

[0036] The property of the media 1 A, IB, 1C, and 2A of the above-mentioned this invention, 2B, 2C, and the media Rl 
and R2 for comparison is shown as compared with Table 1 . In a table, the coercive force (He) of a medium and a square 
shape ratio (Mr/Ms) are the magnetic properties of the film surface perpendicularly it measured with the Kerr effect type 
magnetometer, the magnetic ************ above-mentioned medium which sketched in drawing 3 - the single 
magnetic pole type magnetic head of 0.2m of width of recording track - magnetic recording - carrying out - a huge 
magnetic-reluctance type head (GMR head) with a shield interval of 80nm - reproducing - a medium noise and record 
- resolution was measured The spacing at the time of record reproduction was set to 16nm. The magnetic-domain 
structure on the front face of a medium which carried out AC erasion was observed under the magnetic-force 
microscope, and the size of the irregular magnetic domain formed in the front face was measured. The diameter when 
resembling the circle of the same area compared the size of an irregular magnetic domain here, so that the path of an 
irregular magnetic domain is large - a medium noise - large - record - there is a property in which resolution falls 
The magnetization attenuation factor recorded the magnetic signal of the recording density range of 400kFCI(s) (Kilo 
Flux Change per Inch) from low track recording density, and measured the rate of the signal strength after fixed time 
progress to the signal immediately after record. The magnetization attenuation factor 1 hour after the record signal of 
track-recording-density 1 OOkFCI is shown in Table 1 . 
[0037] 
[Table 1] 
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[0038] the former which consists of a monolayer of the CoCr alloy perpendicular magnetic anisotropy films of high Cr 
concentration so that clearly from comparison of Table 1 ~ the medium Rl for comparison of medium composition ~ 
reduction of a medium noise, and record — resolution, although it is improvable to some extent with adoption of the 
CoCr alloy perpendicular magnetic anisotropy films of high Cr concentration, and an improvement of a ground layer 
one side — the fall of a magnetic anisotropy — a square shape ratio (Mr/Ms) — falling — the stability (magnetization 
attenuation factor) of magnetization — deteriorating — reduction of the above-mentioned medium noise, and record — it 
is difficult to realize improvement in resolution, and stability of magnetization simultaneously although the magnetic 
anisotropy of the medium R2 of medium composition for comparison improves by the CoCrPt alloy magnetic layer of 
high Pt concentration, a square shape ratio (Mr/Ms) is large and the stability (magnetization attenuation factor) of 
magnetization improves conventionally — a medium noise and record - resolution is not good 

[0039] By preparing the CoCrPt alloy magnetic layer of low Cr concentration (8 - 15at%) thin in the upper layer, lower 
layer, or vertical layer of CoCr alloy perpendicular magnetic anisotropy films of the above-mentioned quantity Cr 
concentration like this invention, and high Pt concentration (15 - 25at%) Compared with a medium, magnetic properties, 
such as coercive force (He) and a square shape ratio (Mr/Ms), have been improved sharply conventionally, and the 
extensive improvement of reduction of a medium noise, a record resolution enhancement, the stability of magnetization, 



Page 9 of 17 



etc. became realizable simultaneously. Moreover, realization of high coercive force and an angle-of-elevation type ratio 
showed that the stability of 10% or less of magnetization was maintainable in the extensive recording density field of 
track-recording-density 5kFCI to 400kFCI(s). 

[0040] [Example 2] The medium of this invention which shows cross-section structure to the medium and drawing 2 (a) 
of this invention which shows cross-section structure to drawing 1 (a) was taken for the example, and the magnetic-film 
thick dependency of a magnetic film A15 (CoCr alloy perpendicular magnetic anisotropy films of high Cr 
concentration) and a magnetic film B16 (CoCrPt alloy magnetic layer of low Cr concentration and high PtCr 
concentration) was investigated. Here, all thickness of the perpendicular magnetic anisotropy films which consist of a 
magnetic film A15 and a magnetic film B16 was set to 20nm, and the thickness of a magnetic film B16 was changed in 
0-1 Onm. 

[0041] By the high- vacuum DC magnetron sputtering system, the medium which shows cross-section structure to 
drawing 1 (a) was produced. The washed glass substrate 1 1 was installed in the sputtering system, Ta precoat layer of 
5nm of thickness, the 80at%nickel-Fe film of lOnm of thickness, the 80at%Mn-Ir antiferromagnetism film of 50nm of 
thickness, and the 80at%Co-Fe film of 5nm of thickness were formed one by one, were heat-treated among 300 degrees 
C and the magnetic field of IkOe, and the magnetic-domain fixed bed 12 was formed. The lining soft-magnetism layer 
13 which consists of Co-8at%Ta-5at%Zr of the amorphous structure of 200nm of thickness was succeedingly formed on 
the aforementioned magnetic-domain fixed bed 12 in the same vacuum. The perpendicular magnetic anisotropy films 18 
which besides consist of a magnetic film A15 and a magnetic film B16 through the nonmagnetic interlay er 14 who 
consists of nickel-5at%Ta-20at%Zr of 5nm of thickness were formed. Thickness was changed, respectively with 20nm, 
19nm, 18nm, 16nm, 14nm, 12nm, and lOnm, using a Co-19at%Cr-12at%Pt-3at%B alloy as a magnetic film A 15. 
Thickness was changed, respectively with Onm, lnm, 2nm, 4nm, 6nm, 8nm, and lOnm, using a Co-8at%Cr-22at%Pt 
alloy as a magnetic film B16. The medium in which the C protective layer 17 of 5nm of thickness was formed on the 
front face of perpendicular magnetic anisotropy films 18 was produced. 

[0042] By the high-vacuum DC magnetron sputtering system, the medium which shows cross-section structure to 
drawing 2 (a) was produced. The washed glass substrate 1 1 was installed in the sputtering system, Ta precoat layer of 
5nm of thickness, the 80at%nickel-Fe film of lOnm of thickness, the 80at%Mn-Ir antiferromagnetism film of 50nm of 
thickness, and the 80at%Co-Fe film of 5nm of thickness were formed one by one, were heat-treated among 300 degrees 
C and the magnetic field of IkOe, and the magnetic-domain fixed bed 12 was formed. The lining soft-magnetism layer 
13 which consists of Co-8at%Ta-5at%Zr of the amorphous structure of 200nm of thickness was succeedingly formed on 
the aforementioned magnetic-domain fixed bed 12 in the same vacuum. The perpendicular magnetic anisotropy films 18 
which besides formed the magnetic film A 15, the buffer layer 19, and the magnetic film B16 one by one through the 
nonmagnetic interlayer 14 who consists of nickel-5at%Ta-20at%Zr of 5nm of thickness were produced. The Co-40at% 
Ru alloy of 0.8nm of thickness was used as a buffer layer 19. Thickness was changed, respectively with 20nm, 19nm, 
18nm, 16nm, 14nm, 12nm, and lOnm, using a Co-19at%Cr-12at%Pt-3at%B alloy as a magnetic film A15. Thickness 
was changed, respectively with Onm, lnm, 2nm, 4nm, 6nm, 8nm, and lOnm, using a Co-8at%Cr-22at%Pt alloy as a 
magnetic film B16. The medium in which the C protective layer 17 of 5nm of thickness was formed on the front face of 
perpendicular magnetic anisotropy films 18 was produced. 

[0043] The c axis of hep structure is carrying out orientation of each perpendicular magnetic anisotropy films produced 
by this example to the perpendicular mostly in the substrate side, and growing up in epitaxial was checked by 
transmission-electron-microscope observation of an X-ray diffraction method and a thin film cross section. In this 
example, although an example of material, such as the magnetic-domain fixed bed, a nonmagnetic interlayer, 
perpendicular magnetic anisotropy films, and a buffer layer, explained the content of this invention, in addition even if it 
uses the combination of said material composition, it is possible to acquire the same effect. 

[0044] The property of the above-mentioned medium is compared and shown in Table 2. In a table, the coercive force 
(He) of a medium and a square shape ratio (Mr/Ms) are the magnetic properties of the film surface perpendicularly it 
measured with the Kerr effect type magnetometer, the magnetic ************ above-mentioned medium which 
sketched in drawing 3 - the single magnetic pole type magnetic head of 0.2m of width of recording track - magnetic 
recording - carrying out - a huge magnetic-reluctance type head (GMR head) with a shield interval of 80nm - 
reproducing - a medium noise and record — resolution was measured The spacing at the time of record reproduction 
was set to 16nm. The magnetic-domain structure on the front face of a medium which carried out AC erasion was 
observed under the magnetic-force microscope, and the size of the irregular magnetic domain formed in the front face 
was measured. The diameter when resembling the circle of the same area compared the size of an irregular magnetic 
domain here. 
[0045] 
[Table 2] 



Page 10 of 17 











Ho(0o) 


Mr/Ms 










TW/MnPl/-tW 




T«Wl3ESI/Xli«l5Hl 






vnvmw/mvpp; 


0«FCD 


vnm) 


1A1 


NiFe/Mnlr/CoFo 


CoTaZr 


ttOU A(2O)/«tiJIB(0) 


2900 


0,88 


0.018 


AAA 


85 


1A2 


NiFe/Mnlr/CoFe 


CoTaZr 


Lll JJl — i ill III In 1 i 1 


3100 


0.91 


0,018 


300 


78 


1A3 


NiFe/Mnlr/CoFe 


CoTaZr 


iQfl AO 8)/ttfZWB(2) 


3320 


0.98 


0.011 


340 


75 


1A4 


NiFa/tetfr/CoFa 


CoTaZr 


rMAJknt A /■« n\ Jill J jt- ■!! - - J _ "L 

«K»A(1 6)/«1$S©(4) 


3580 


1 


0,008 


360 


65 


1A5 


NiFe/Mnlr/CoFe 


CoTaZr 


MIU.H* ■/< j \ iTM la* Mil i i fin 


3640 


1 


0009 


354 


68 


1A6 


a.i*r^ tw a « 

NiFe/Mnlr/CoFe 


CoTaZr 


filttllAO 2)/tst£»B(8) 


3720 


t 


0X317 


302 


79 


1A7 


NiFe/Mnlr/CoFe 


CoTaZr 


EMM MV A /« #*\ /rHM- Mb/< a\ 

fflttKAu O)/ffi1lJ0|B(1 0) 


3800 


1 


0.025 


275 


102 


2A1 


NiFe/Mnlr/CoFe 


CoTaZr 


«fiBW(20)/y \vztr— JB(0)/fflttfllB(0) 


2920 


0.87 


0019 


285 


86 


2A2 


NIFa/Mnlr/CoFe 


CoTaZr 


T*t J^. *4» & / a aa y > <•» 1 1'll ni rril III rtfcn r 1 1 


3120 


0.94 


(U)17 


298 


79 


2A3 


NiFa/Mnlr/CoFa 


CoTaZr 


flM£KA(i 8)// < v7r— SI((1B)/ WftlRBCz) 


3340 


0.99 


OJ011 


342 


74 


2A4 


NiFa/Mnlr/CoFa 


CoTaZr 


ttttll AO 6)// <y?r— Jl(0^)/attJPlB(4) 


3592 


1 


0.0078 


364 


63 


2A5 


Ni re/ MnJr/oor e 


CoTaZr 






7 


nrrarr 
ULUUo/ 




0/ 


2A8 


NiFe/Mnlr/CoFe 


CoTaZr 


«ttl!A(12)//<V^T-Ji(0.8)/attnB(8) 


3730 


1 


0.016 


305 


77 


2A7 


MFe/Mnlr/CoFe 


CoTaZr 


tt&BAO o}// < v7r-IKaBVaittllB(i o) 


3820 


1 


0.026 


272 


100 



mmLAits Co-1 9atXCr-12at%Pt-38t%B^»S«. flttellBtt, Co-8irt%Cr-22atXPt^&attH-eA* 0 

[0046] It compares with the conventional medium which consists of a Co-19at%Cr-l2at%Pt-3at%B alloy magnetic-film 
(magnetic film A) monolayer which is the CoCr alloy perpendicular magnetic anisotropy films of high Cr concentration 
so that clearly from comparison of Table 2. By forming the magnetic film B which becomes the upper layer of a 
magnetic film A from the CoCrPt alloy magnetic layer of low Cr concentration and high PtCr concentration like this 
invention Magnetic properties, such as coercive force and a square shape ratio, can be improved sharply, the stability 
(magnetization attenuation factor) of 10% or less of magnetization can be secured in the large range of track-recording- 
density 5kFCI to 400kFCI(s) by realization of high coercive force and an angle-of-elevation type ratio, and reduction 
and the record resolution enhancement of a medium noise can be realized simultaneously. The desirable thickness of the 
magnetic film B which consists of a CoCrPt alloy magnetic layer of low Cr concentration and high PtCr concentration 
formed in the upper layer of a magnetic film A is 2-6nm. <BR> [0047] In this example, in the perpendicular magnetic 
anisotropy films of the composition of drawing 1 (a) which formed the magnetic film B through direct or the buffer 
layer on the magnetic film A, and drawing 2 (a), although this invention was explained to the example, the effect with 
the same said of the perpendicular magnetic anisotropy films of the composition of drawing 1 (b), (c), and drawing 2 (b) 
and (c) was acquired. 

[0048] [Example 3] When the material composition of the magnetic-domain fixed bed 12 is changed, drawi ng 4 
explains an example which compared the letter noise of a spike generated from the lining soft-magnetism layer 13. The 
magnetic-domain fixed bed 12 and the lining soft-magnetism layer 13 are formed on a substrate 1 1 . The nonmagnetic 
interlayer 14 who besides consists of nickel-5at%Ta-20at%Zr of 5nm of thickness, the magnetic film A15 which 
consists of the Co-19at%Cr-12at%Pt-3at%B alloy of 15nm of thickness, the magnetic film B16 which consists of the 
Co-8at%Cr-22at%Pt alloy of 5nm of thickness, And the content is explained using the sample of the composition of 
drawing 1 (a) which formed the C protective layer 17 of 5nm of thickness one by one. as the lining soft-magnetism layer 
13 - Co-10at%Ta-2at% - Zr amorphous film, the Fe-8at%Ta-12at%C polycrystal film, and the Fe-12at%aluminum- 
5at%Si polycrystal film were used 

[0049] The glass substrate 1 1 washed to the high- vacuum DC magnetron sputtering system was installed, Ta precoat 
layer 22 of 5nm of thickness, the soft-magnetism film A23 which consists of a 80at%nickel-Fe film of lOnm of 
thickness, the 80at%Mn-Ir antiferromagnetism film 24 of 50nm of thickness, and the soft-magnetism film B25 which 
consists of a 80at%nickel-Fe film of 5nm of thickness were formed one by one, was heat-treated among 300 degrees C 
and the magnetic field of IkOe, and the magnetic-domain fixed bed 12 of the composition The solenoid type 
electromagnet has been arranged behind a substrate, it energized to this, the radial magnetic field of a disk was 
generated, and impression magnetic field strength was made small with the fall of substrate temperature. The anisotropy 
was given to radial [ of a magnetic disk ] by this processing. The media Dl, D2, and D3 which formed the lining soft- 
magnetism layer 13 which consists of Co-10at%Ta-2at%Zr of amorphous structure (lOOnm of thickness, 200nm, and 
300nm) on the aforementioned magnetic-domain fixed bed 12 in the same vacuum, and formed the aforementioned 
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nonmagnetic interlayer 14, the magnetic film A 15, the magnetic film B16, and the protective layer 17 one by one on this 
succeedingly were produced. The medium D4 which did not form the magnetic-domain fixed bed 12 for comparison, 
but formed the lining soft-magnetism layer 13 which consists of Co-10at%Ta-2at%Zr of 300nm of direct thickness on 
the glass substrate 11, and formed the aforementioned nonmagnetic interlayer 14, the magnetic film A15, the magnetic 
film B16, and the protective layer 17 one by one on this was produced. 

[0050] The glass substrate 1 1 washed to the high-vacuum DC magnetron sputtering system was installed, and Ta 
precoat layer 22 of 5nm of thickness, the soft-magnetism film A23 which consists of a 80at%nickel-Fe film of lOnm of 
thickness, the 80at%Mn-Ir antiferromagnetism film 24 of 50nm of thickness, and the soft-magnetism film B25 which 
consists of a 80at%nickel-Fe film of 5nm of thickness were formed one by one. The magnetic-domain fixed bed 12 of 
the composition of drawin g 4 (b) which formed in order the magnetization film A26 within a field which besides 
consists of a Co-18at%Cr-14at%Pt magnetic film of lOnm of thickness, the Ru film 27 of 0.8nm of thickness, and the 
magnetization film B28 within a field which consists of a Co-18at%Cr-14at%Pt magnetic film of lOnm of thickness was 
produced. The magnetic-domain fixed bed 12 was heat-treated among 300 degrees C and the magnetic field of 2kOe. 
The solenoid type electromagnet has been arranged behind a substrate, it energized to this, the radial magnetic field of a 
disk was generated, and impression magnetic field strength was made small with the fall of substrate temperature. The 
anisotropy was given to radial [ of a magnetic disk ] by this processing. A Co-18at%Cr-14at%Pt magnetic film has a 
magnetic anisotropy in film surface inboard, carried out ferromagnetic combination with the lower layer NiFe film, and 
the anisotropy was given to radial [ of a magnetic disk ]. The media El, E2, and E3 which formed the lining soft- 
magnetism layer 13 which consists of Co-10at%Ta-2at%Zr of amorphous structure (lOOnm of thickness, 200nm, and 
300nm) on the aforementioned magnetic-domain fixed bed 12 in the same vacuum, and formed the aforementioned 
nonmagnetic interlayer 14, the magnetic film A 15, the magnetic film B16, and the protective layer 17 one by one on this 
succeedingly were produced. 

[0051] The glass substrate 1 1 washed to the high- vacuum DC magnetron sputtering system is installed. The NiAlTa 
precoat layer 22 of 20nm of thickness, the Cr-10at%Ti ground layer 29 of 5nm of thickness, the magnetization film A26 
within a field that consists of a Co-18at%Cr-14at%Pt magnetic film of lOnm of thickness on this, the Ru film 27 of 
0.8nm of thickness, The magnetization film B28 within a field which consists of a Co-1 8at%Cr-14at%Pt magnetic film 
of lOnm of thickness was formed in order. Then, the magnetic-domain fixed bed 12 of the composition of drawing 4 (c) 
which formed the soft-magnetism film A23 which consists of a 80at%nickel-Fe film of lOnm of thickness, the 80at% 
Mn-Ir antiferromagnetism film 24 of 50nm of thickness, and the soft-magnetism film B25 which consists of a 80at% 
nickel-Fe film of 5nm of thickness one by one was produced. The magnetic-domain fixed bed 12 was heat-treated 
among 300 degrees C and the magnetic field of 2kOe. The solenoid type electromagnet has been arranged behind a 
substrate, it energized to this, the radial magnetic field of a disk was generated, and impression magnetic field strength 
was made small with the fall of substrate temperature. The anisotropy was given to radial [ of a magnetic disk ] by this 
processing. A Co-18at%Cr-14at%Pt magnetic film has a magnetic anisotropy in film surface inboard, carried out 
ferromagnetic combination with the upper NiFe film, and the anisotropy was given to radial [ of a magnetic disk ]. The 
media Fl, F2, and F3 which formed the lining soft-magnetism layer 13 which consists of Co-10at%Ta-2at%Zr of 
amorphous structure (lOOnm of thickness, 200nm, and 300nm) on the aforementioned magnetic-domain fixed bed 12 in 
the same vacuum, and formed the aforementioned nonmagnetic interlayer 14, the magnetic film A 15, the magnetic film 
B16, and the protective layer 17 one by one on this succeedingly were produced. 

[0052] The glass substrate 1 1 washed to the high- vacuum DC magnetron sputtering system was installed, Ta precoat 
layer 22 of 5nm of thickness, the soft-magnetism film A23 which consists of a 80at%nickel-Fe film of lOnm of 
thickness, the 80at%Mn-Ir antiferromagnetism film 24 of 50nm of thickness, and the soft-magnetism film B25 which 
consists of a 80at%nickel-Fe film of 5nm of thickness were formed one by one, and the magnetic-domain fixed bed 12 
of the composition of drawing 4 (a) was formed. The lining soft-magnetism layer 13 which consists of a Fe-8at%Ta- 
12at%C polycrystal film (lOOnm of thickness, 200nm, and 300nm) was succeedingly formed on the aforementioned 
magnetic-domain fixed bed 12 in the same vacuum, and 400 degrees C and heat treatment of IkOe among a magnetic 
field were carried out. The solenoid type electromagnet has been arranged behind a substrate, it energized to this, the 
radial magnetic field of a disk was generated, and impression magnetic field strength was made small with the fall of 
substrate temperature. The Fe-8at%Ta-12at%C film was constituted from a microcrystal grain of Fe with a particle size 
of about lOnm by this processing. The media Gl and G2 and G3 which formed the aforementioned nonmagnetic 
interlayer 14, the magnetic film A 15, the magnetic film B16, and the protective layer 17 one by one on the lining soft- 
magnetism layer 13 were produced. The medium G4 which did not form the magnetic-domain fixed bed 12 for 
comparison, but formed the lining soft-magnetism layer 13 which consists of Fe-8at%Ta-12at%C of 300nm of direct 
thickness on the glass substrate 11, and formed the aforementioned nonmagnetic interlayer 14, the magnetic film A15, 
the magnetic film B16, and the protective layer 17 one by one on this was produced. 
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[0053] The glass substrate 1 1 washed to the high-vacuum DC magnetron sputtering system was installed, and Ta 
precoat layer 22 of 5nm of thickness, the soft-magnetism film A23 which consists of a 80at%nickel-Fe film of lOnm of 
thickness, the 80at%Mn-Ir antiferromagnetism film 24 of 50nm of thickness, and the soft-magnetism film B25 which 
consists of a 80at%nickel-Fe film of 5nm of thickness were formed one by one. The magnetic-domain fixed bed 12 of 
the composition of drawing 4 (b) which formed in order the magnetization film A26 within a field which besides 
consists of a Co-18at%Cr-14at%Pt magnetic film of lOnm of thickness, the Ru film 27 of 0.8nm of thickness, and the 
magnetization film B28 within a field which consists of a Co-18at%Cr-14at%Pt magnetic film of lOnm of thickness was 
produced. The lining soft-magnetism layer 13 which consists of a Fe-8at%Ta-12at%C polycrystal film (lOOnm of 
thickness, 200nm, and 300nm) was succeedingly formed on the aforementioned magnetic-domain fixed bed 12 in the 
same vacuum, and 400 degrees C and heat treatment of 2kOe among a magnetic field were carried out. The solenoid 
type electromagnet has been arranged behind a substrate, it energized to this, the radial magnetic field of a disk was 
generated, and impression magnetic field strength was made small with the fall of substrate temperature. The Fe-8at% 
Ta-12at%C film was constituted from a microcrystal grain of Fe with a particle size of about lOnm by this processing. 
The media HI, H2, and H3 which formed the aforementioned nonmagnetic interlayer 14, the magnetic film A15, the 
magnetic film B16, and the protective layer 17 one by one on the lining soft-magnetism layer 13 were produced. 
[0054] The glass substrate 1 1 washed to the high- vacuum DC magnetron sputtering system is installed. The NiAlTa 
precoat layer 22 of 20nm of thickness, the Cr-10at%Ti ground layer 29 of 5nm of thickness, the magnetization film A26 
within a field that consists of a Co-18at%Cr-14at%Pt magnetic film of lOnm of thickness on this, the Ru film 27 of 
0.8nm of thickness, The magnetization film B28 within a field which consists of a Co-18at%Cr-14at%Pt magnetic film 
of lOnm of thickness was formed in order. Then, the magnetic-domain fixed bed 12 of the composition of drawin g 4 (c) 
which formed the soft-magnetism film A23 which consists of a 80at%nickel-Fe film of lOnm of thickness, the 80at% 
Mn-Ir antiferromagnetism film 24 of 50nm of thickness, and the soft-magnetism film B25 which consists of a 80at% 
nickel-Fe film of 5nm of thickness one by one was produced. The lining soft-magnetism layer 13 which consists of a 
Fe-8at%Ta-12at%C polycrystal film (lOOnm of thickness, 200nm, and 300nm) was succeedingly formed on the 
aforementioned magnetic-domain fixed bed 12 in the same vacuum, and 400 degrees C and heat treatment of 2kOe 
among a magnetic field were carried out. The solenoid type electromagnet has been arranged behind a substrate, it 
energized to this, the radial magnetic field of a disk was generated, and impression magnetic field strength was made 
small with the fall of substrate temperature. The Fe-8at%Ta-12at%C film was constituted from a microcrystal grain of 
Fe with a particle size of about lOnm by this processing. The media Jl, J2, and J3 which formed the aforementioned 
nonmagnetic interlayer 14, the magnetic film A15, the magnetic film B16, and the protective layer 17 one by one on the 
lining soft-magnetism layer 13 were produced. 

[0055] The glass substrate 1 1 washed to the high- vacuum DC magnetron sputtering system was installed, Ta precoat 
layer 22 of 5nm of thickness, the soft-magnetism film A23 which consists of a 80at%nickel-Fe film of lOnm of 
thickness, the 80at%Mn-Ir antiferromagnetism film 24 of 50nm of thickness, and the soft-magnetism film B25 which 
consists of a 80at%nickel-Fe film of 5nm of thickness were formed one by one, and the magnetic-domain fixed bed 12 
of the composition of drawing 4 (a) was formed. The lining soft-magnetism layer 13 which consists of a Fe-12at% 
aluminum-5at%Si polycrystal film (lOOnm of thickness, 200nm, and 300nm) was succeedingly formed on the 
aforementioned magnetic-domain fixed bed 12 in the same vacuum, and 300 degrees C and heat treatment of IkOe 
among a magnetic field were carried out. The Fe-12at%aluminum-5at%Si lining soft-magnetism layer 13 was made into 
the laminated structure of the Fe-12at%aluminum-5at%Si layer and Si layer of lnm of thickness of 20nm of thickness in 
order to prevent big and rough-ization of the grain by thin film formation inside column-like crystal growth. The lining 
soft-magnetism layer 13 which consists of a Fe-12at%aluminum-5at%Si polycrystal film by this became a fine crystal 
grain with a particle size of 20nm or less. The solenoid type electromagnet has been arranged behind a substrate, it 
energized to this, the radial magnetic field of a disk was generated, and impression magnetic field strength was made 
small with the fall of substrate temperature. The media Kl, K2, and K3 which formed the aforementioned nonmagnetic 
interlayer 14, the magnetic film A15, the magnetic film B16, and the protective layer 17 one by one on the lining soft- 
magnetism layer 13 were produced. The medium K4 which did not form the magnetic-domain fixed bed 12 for 
comparison, but formed the lining soft-magnetism layer 13 which consists of a Fe-12at%aluminum-5at%Si polycrystal 
film of 300nm of direct thickness on the glass substrate 11, and formed the aforementioned nonmagnetic interlayer 14, 
the magnetic film A15, the magnetic film B16, and the protective layer 17 one by one on this was produced. The Fe- 
12at%aluminum-5at%Si lining soft-magnetism layer 13 was made into the laminated structure of the Fe-12at% 
aluminum-5at%Si layer and Si layer of lnm of thickness of 20nm of thickness in order to prevent big and rough-ization 
of the grain by thin film formation, inside column-like crystal growth. 

[0056] The glass substrate 1 1 washed to the high-vacuum DC magnetron sputtering system was installed, and Ta 
precoat layer 22 of 5nm of thickness, the soft-magnetism film A23 which consists of a 80at%nickel-Fe film of lOnm of 
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thickness, the 80at%Mn-Ir antiferromagnetism film 24 of 50nm of thickness, and the soft-magnetism film B25 which 
consists of a 80at%nickel-Fe film of 5nm of thickness were formed one by one. The magnetic-domain fixed bed 12 of 
the composition of drawjng_4 (b) which formed in order the magnetization film A26 within a field which besides 
consists of a Co-18at%Cr-14at%Pt magnetic film of lOnm of thickness, the Ru film 27 of 0.8nm of thickness, and the 
magnetization film B28 within a field which consists of a Co-18at%Cr-14at%Pt magnetic film of lOnm of thickness was 
produced. The lining soft-magnetism layer 13 which consists of a Fe-12at%aluminum-5at%Si polycrystal film (lOOnm 
of thickness, 200nm, and 300nm) was succeedingly formed on the aforementioned magnetic-domain fixed bed 12 in the 
same vacuum. The Fe-12at%aluminum-5at%Si lining soft-magnetism layer 13 was made into the laminated structure of 
the Fe-12at%aluminum-5at%Si layer and Si layer of lnm of thickness of 20nm of thickness in order to prevent big and 
rough-ization of the grain by thin film formation inside column-like crystal growth. The solenoid type electromagnet has 
been arranged behind a substrate, it energized to this, the radial magnetic field of a disk was generated, and impression 
magnetic field strength was made small with the fall of substrate temperature. The media LI, L2, and L3 which formed 
the aforementioned nonmagnetic interlayer 14, the magnetic film A 15, the magnetic film B16, and the protective layer 
17 one by one on the lining soft-magnetism layer 13 were produced. 

[0057] The glass substrate 1 1 washed to the high-vacuum DC magnetron sputtering system is installed. The NiAlTa 
precoat layer 22 of 20nm of thickness, the Cr-10at%Ti ground layer 29 of 5nm of thickness, the magnetization film A26 
within a field that consists of a Co-18at%Cr-14at%Pt magnetic film of lOnm of thickness on this, the Ru film 27 of 
0.8nm of thickness, The magnetization film B28 within a field which consists of a Co-18at%Cr-14at%Pt magnetic film 
of lOnm of thickness was formed in order. Then, the magnetic-domain fixed bed 12 of the composition of drawing 4 (c) 
which formed the soft-magnetism film A23 which consists of a 80at%nickel-Fe film of lOnm of thickness, the 80at% 
Mn-Ir antiferromagnetism film 24 of 50nm of thickness, and the soft-magnetism film B25 which consists of a 80at% 
nickel-Fe film of 5nm of thickness one by one was produced. The lining soft-magnetism layer 13 which consists of a 
Fe-12at%aluminum-5at%Si polycrystal film (lOOnm of thickness, 200nm, and 300nm) was succeedingly formed on the 
aforementioned magnetic-domain fixed bed 12 in the same vacuum. The Fe-12at%aluminum-5at%Si lining soft- 
magnetism layer 13 was made into the laminated structure of the Fe-12at%aluminum-5at%Si layer and Si layer of lnm 
of thickness of 20nm of thickness in order to prevent big and rough-ization of the grain by thin film formation inside 
column-like crystal growth. The solenoid type electromagnet has been arranged behind a substrate, it energized to this, 
the radial magnetic field of a disk was generated, and impression magnetic field strength was made small with the fall of 
substrate temperature. The media Ml, M2, and M3 which formed the aforementioned nonmagnetic interlayer 14, the 
magnetic film A15, the magnetic film B16, and the protective layer 17 one by one on the lining soft-magnetism layer 13 
were produced. 

[0058] The medium D (-1, -2, -3, -4) produced by this example, Medium E (-1, -2, -3) Medium F (-1, -2, -3), Medium G 
(-1, -2, -3, -4) Medium H (-1, -2, -3), Medium J (-1, -2, -3), Medium K (-1, -2, -3, -4) Medium L (-1, -2, -3) and 
Medium M (-1, -2, -3) were installed in the magnetic recording medium which sketched in drawing 3 , and 
measurement comparison of the noise signal of the letter of a spike generated from the magnetic domain formed in the 
lining soft-magnetism layer 13 was carried out. The noise signal of the letter of a spike was defined as follows here. The 
direct current erase of the perpendicular magnetic anisotropy films 18 was carried out by the magnetic head, the signal 
of the shape of irregularity which has the signal strength of 1 .2 times or more of the direct-current-erase noise level of 
the average detected by the reproducing head was made into the noise signal of the letter of a spike, and the number 
detected by per magnetic-disk round was compared. An example of a measurement result is shown as compared with 
Table 3. 
[0059] 
[Table 3] 
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[0060] By combining with the magnetic-domain fixed bed also in which lining soft-magnetism layer, formation of the 
magnetic domain to a lining soft-magnetism layer can be suppressed, and, as a result, the number of the letter noise 
signals of a spike can be sharply reduced so that clearly from comparison of Table 3. Moreover, by changing the 
composition of the magnetic-domain fixed bed, the strength of the ferromagnetic combination between the magnetic- 
domain fixed bed and a lining soft-magnetism layer can be controlled, the effect of magnetic-domain structure control 
can be demonstrated also to a thicker lining soft-magnetism layer, and the number of the letter noise signals of a spike 
can be reduced. 

[0061] this example - as a lining soft-magnetism layer — Co-10at%Ta-2at%, although the example using Zr amorphous 
film, the Fe-8at%Ta-12at%C polycrystal film, and the Fe-12at%aluminum-5at%Si polycrystal film explained In 
addition, the same effect can be acquired even if it uses un-pillar-shaped polycrystal films, such as a Co-Zr-X (X:Ta, 
Nb, Mo, W, nickel) system amorphous alloy film or an Fe-aluminum-Si alloy, and a Fe-C-Y (Y :Ta, Hf, Zr, Nb) alloy. 
Moreover, although the example using the Mn-Ir alloy as an antiferromagnetism layer explained, you may use a Mn-Fe 
alloy, a Mn-Pt alloy, a Cr-Mn-Pt alloy, etc. for others. Furthermore, although the composition of drawing 1 (a) 
explained the content of invention as a vertical-magnetic-recording medium of this invention, an effect with the same 
said of the vertical-magnetic-recording medium composition of drawing 1 (b) of this invention, (c), drawing 2 (a), (b), 
and (c) can be acquired. 

[0062] Although the example using the glass substrate as a substrate 1 1 explained, you may use Si disk substrate, a NiP 
covering aluminum substrate, a carbon substrate, or a macromolecule substrate other than a glass substrate. The sample 
which changed various composition of the magnetic film B16 of low Cr concentration and high Pt concentration used in 
the example 1, the example 2, and the example 3 was produced, the sample of the medium composition which showed 
drawin g 5 to drawin g 1 , drawin g 2 , and drawin g 4 ~ setting -- reduction of a medium noise, and record — O mark 
showed composition of the magnetic film B16 excellent in improvement in resolution, the stability of magnetization, 
and the low spike-noise property moreover, the field enclosed with the curve in drawing 5 - the same - reduction of a 
medium noise, and record — they are improvement in resolution, the stability of magnetization, and the composition 
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range of the magnetic film B16 excellent in the low spike-noise property x mark shows composition with which the 
above-mentioned inadequate effect. 

[0063] [Example 4] The arrangement place of an antiferromagnetism layer and the relation of a spike noise which were 
prepared in the lower layer of perpendicular magnetic anisotropy films for magnetic-domain fixation of a lining soft- 
magnetism layer were investigated. Although the effect that any medium composition of drawing 1 (a), (b), (c) or 
draw ing 2 (a), (b), and (c) is the same is acquired, drawing 6 is used and this example explains the sample of the 
perpendicular medium composition of drawing 1 (a) for the contents to an example. 

[0064] The glass substrate 1 1 washed to the high- vacuum DC magnetron sputtering system was installed, Ta precoat 
layer 22 of 5nm of thickness, the soft-magnetism film A23 which consists of a 80at%nickel-Fe film of lOnm of 
thickness, the 48at%Mn-Ir antiferromagnetism film 24 of 20nm of thickness, and the soft-magnetism film B25 which 
consists of a 80at%hickel-Fe film of 5nm of thickness were formed one by one, was heat-treated among 300 degrees C 
and the magnetic field of IkOe, and the magnetic-domain fixed bed 12 of the composition The solenoid type 
electromagnet has been arranged behind a substrate, it energized to this, the radial magnetic field of a disk was 
generated, and impression magnetic field strength was made small with the fall of substrate temperature. The anisotropy 
was given to radial [ of a magnetic disk ] by this processing. The lining soft-magnetism layer A41 which consists of Co- 
10at%Ta-2at%Zr of amorphous structure (lOnm of thickness, 50nm, lOOnm, 200nm, and 300nm) is succeedingly 
formed on the aforementioned magnetic-domain fixed bed 12 in the same vacuum. The nonmagnetic interlayer 14 who 
besides consists of nickel-5at%Ta-20at%Zr of 5nm of thickness, the magnetic film A15 which consists of the Co-19at% 
Cr-12at%Pt-3at%B alloy of 15nm of thickness, the magnetic film B16 which consists of the Co-8at%Cr-22at%Pt alloy 
of 5nm of thickness, And the C protective layer 1 7 was formed one by one, and the medium N (-1 , -2, -3, -4, -5) of the 
composition of drawing 6 (a) was produced. 

[0065] The glass substrate 1 1 washed to the high- vacuum DC magnetron sputtering system was installed, Ta precoat 
layer 22 of 5nm of thickness was formed, the Fe-8at%Ta-12at%C film of 300nm of thickness was formed as a lining 
soft-magnetism layer B42 on this, and it heated at 400 degrees C. The soft-magnetism film of the structure in which the 
microcrystal grain of Fe deposited with this heat treatment was formed. As a lining soft-magnetism layer B42, a Co-Zr- 
X (X:Ta, Nb, Mo, W, nickel) system amorphous alloy film or an Fe-aluminum-Si alloy, a Fe-C-Y (Y :Ta, Hf, Zr, Nb) 
alloy, etc. can be used for others. The soft-magnetism film A23 which consists of a 80at%nickel-Fe film of lOnm of 
thickness, the 48at%Mn-Ir antiferromagnetism film 24 of lOnm of thickness, and the soft-magnetism film B25 which 
consists of a 80at%nickel-Fe film of 5nm of thickness were formed one by one on the lining soft-magnetism layer B42, 
it heat-treated among 300 degrees C and the magnetic field of IkOe, and the magnetic-domain fixed bed 12 of the 
composition of drawing 6 (b) was formed. The solenoid type electromagnet has been arranged behind a substrate, it 
energized to this, the radial magnetic field of a disk was generated, and impression magnetic field strength was made 
small with the fall of substrate temperature. The anisotropy was given to radial [ of a magnetic disk ] by this processing. 
The lining soft-magnetism layer A41 which consists of Co-10at%Ta-2at%Zr of amorphous structure (lOnm of 
thickness, 50nm, lOOnm, 200nm, and 300nm) is succeedingly formed on the aforementioned magnetic-domain fixed 
bed 12 in the same vacuum. The nonmagnetic interlayer 14 who besides consists of nickel-5at%Ta-20at%Zr of 5nm of 
thickness, the magnetic film A15 which consists of the Co-19at%Cr-12at%Pt-3at%B alloy of 15nm of thickness, the 
magnetic film B16 which consists of the Co-8at%Cr-22at%Pt alloy of 5nm of thickness, And the C protective layer 17 
was formed one by one, and the medium O (-1, -2, -3, -4, -5) of the composition of drawing 6 (b) was produced. 
[0066] The medium N (-1, -2, -3, -4, -5) produced by this example and Medium O (-1, -2, -3, -4, -5) were installed in 
the magnetic recording medium which sketched in drawing 3 , and measurement comparison of the over-writing 
property when carrying out magnetic recording to the noise signal of the letter of a spike generated from the magnetic 
domain formed in the lining soft-magnetism layer 41 was carried out. The noise signal of the letter of a spike was 
defined as follows here. The direct current erase of the perpendicular magnetic anisotropy films 1 8 was carried out by 
the magnetic head, the signal of the shape of irregularity which has the signal strength of 1 .2 times or more of the direct- 
current-erase noise level of the average detected by the reproducing head was made into the noise signal of the letter of 
a spike, and the number detected by per magnetic-disk round was compared. Moreover, the over-writing property 
recorded the signal of track-recording-density 300kFCI first, and carried out overwrite of the signal of track-recording- 
density 40kFCI on the same recording track. It erased, the ratio (N/S) of the remaining signal (N) and the signal (S) 
recorded later first recorded at this time showed the property worse than -35dB with x mark, and O mark showed the 
outstanding property. An example of a measurement result is shown as compared with Table 4. 
[0067] 
[Table 4] 
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[0068] The effect reduce the letter noise of a spike is large by considering as the composition which could suppress 
magnetic-domain formation in the lining soft-magnetism layer A arranged in the meantime, has arranged the 
antiferromagnetism film 24 in the position of distance lOOnm or less from perpendicular magnetic anisotropy films 18 
especially, and has arranged the soft-magnetism layer between perpendicular magnetic anisotropy films 1 8 and the 
antiferromagnetism film 24 by arranging antiferromagnetism film 24 in the lower layer of perpendicular magnetic 
anisotropy films so that clearly from comparison of Table 4. Moreover, by composition which has arranged the lining 
soft-magnetism layer B42 also in the lower layer of the aforementioned antiferromagnetism film 24, in addition to 
reduction of the letter noise of a spike, record efficiency can be improved and, as a result, an over- writing property can 
be improved. At this example, although explained using an example of material, such as a lining soft-magnetism layer, 
an antiferromagnetism layer, a nonmagnetic interlayer, and a magnetic film, the same effect can be acquired in any of 
other combination of said material. 

[0069] [Example 5] One example of the magnetic storage by this invention is explained using drawing 3 . Magnetic 
storage consists of the suspension 33 which supports a magnetic disk 3 1 , the magnetic head 32 for record reproduction, 
and the magnetic head, an actuator 34, a voice coil motor 35, a record regenerative circuit 36, a positioning circuit 37, 
an interface-control circuit 38, etc. A magnetic disk 31 consists of a vertical-magnetic-recording medium explained in 
the above-mentioned example, and lubricating film is covered on the protective coat. The magnetic head 32 consists of 
heads for reproduction which consist of a slider, the head for magnetic recording prepared on this and the 
magnetoresistance-efifect type for signal regeneration, a huge magnetoresistance-effect type, a spin bulb type element, or 
a magnetic tunnel type element. The gap length of the magnetic head for record signal regeneration sets to 0.25 
micrometers or less, in order to obtain the regenerative signal of a high resolution, and it may be 0.08-0.15 micrometers 
desirably. Any of a single magnetic pole type head or a ring-type head may be used for the head for magnetic recording. 
The width of recording track of the head for reproduction is made narrower than the width of recording track of the head 
magnetic pole for record, and reduces the reproduction noise produced from recording track both ends. 
[0070] The magnetic head 2 is supported by the suspension 3. The medium noise figure of this example and record 
reproducing-characteristics evaluation were performed using this equipment, it was shown in Table 1 and Table 2 - as - 
- the vertical-magnetic-recording medium of this invention - record - resolution - high-density record 
beyond :300kFCI can be realized, medium noise:8micro Vrms/mu Vpp in this density and the high-density property not 
more than error rate: 10-6 are acquired, and a field recording density [ 50 Gb/inch / or more 2 ] magnetic disk unit can be 
constituted 
[0071] 

[Effect of the Invention] According to this invention, in any of the lower layer of the CoCr alloy perpendicular magnetic 
anisotropy films of high Cr concentration, or the upper layer Or the perpendicular magnetic anisotropy films which 
prepared the CoCrPt alloy magnetic layer with ultra-thin low Cr concentration and high Pt concentration are used for 
vertical both layers. By controlling the magnetic-domain structure of a lining magnetic layer by the magnetic-domain 
fixed bed, using the polycrystal nature thin film of amorphous materials or a non-columnar structure as a lining 
magnetic layer The suppression of an irregular magnetic domain and detailed-izing of irregular magnetic-domain size in 
the perpendicular-magnetic-anisotropy-films intermediation front face leading to a medium noise are attained, and the 
overly suitable vertical-magnetic-recording medium excellent in the stability of small record magnetization of a medium 
noise for high-density magnetic recording can be obtained. 
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[Translation done.] 



